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The avermectins, a family of new anthelmintic agents, were isolated from the
mycelia of Streptomyces avermitilis. Four closely related major components and
four homologous minor components were separated from the complex. Solvent
extraction, solvent partition, and adsorption methods were used to isolate and
purify the complex; novel partition chromatography systems using Sephadex LH-
20 were used to separate the components. A reverse-phase high-pressure liquid
chromatography assay for the quantitative determination of all components was

used extensively to monitor the purification methods.

The avernectin complex, a family of new an-
thelmintic agents, is produced by fermentation
of Streptomyces avermitilis MA-4680 (NRRL
8165), as described in a separate publication (1).
The complex contains four closely related ma-

jor components, Ala, A2a, Bia, and B2a, in varying
proportions and four minor components, Alb,
A2b, Blb, and B2b, each of which is a lower hom-
olog ofthe corresponding major component. The
structures and physicochemical properties of all
components are the subject of a separate publi-
cation (G. Albers-Schonberg, B. H. Arison, J. C.
Chabala, A. W. Douglas, P. Eskola, M. H. Fisher,
J. M. Hirschfield, K. Hoogsteen, A. Lusi, H.
Mrozik, J. L. Smith, J. P. Springer, and R. L.
Tolman, J. Am. Chem. Soc., in press).

In this report, the isolation of the complex
from broth, the separation of all of its compo-
nents, and the chromatographic properties of
each will be described. For the sake of simplicity,
mixtures ofhomologs will be designated by omis-
sion of the second letter; for example, B, will
indicate a mixture of B,. and Blb.

(This paper was presented in part at the 18th
Interscience Conference on Antimicrobial
Agents and Chemotherapy, 1-4 October 1978,
Atlanta, Ga.)

MATERIALS AND METHODS
Bioassays and TLC assays. Initial purification

studies were guided first by animal assays and later by
thin-layer chromatography (TLC) assays as described
in the companion publication (1).
HPLC assays. The system developed for the quan-

titative analyses of avermectins employed a Waters
Associates 10-pm Bondapak C08 reverse-phase column

(0.4 by 30 cm) maintained at 400C, a solvent system of
methanol-water (85:15, vol/vol), and a flow rate of 1.2
ml/min. A Waters Associates model 6000A pump and
model U6K loop sample injector were used. The col-
umn effluent was monitored by a Schoeffel Instrument
Corp. model SF770 ultraviolet (UV) monitor set at 246
nm and 0.2 absorbance units full scale. The monitor
output was coupled to a Honeywell model 195 strip
chart recorder for visual observation and a Spectra-
Physics System I digital computing integrator for
quantitative results. Samples of 5 p1, containing 1 pg
to 2 mg of each component per ml, were injected. The
elution volumes (in milliliters) for the eight compo-
nents in their order of elution were as follows: B2b,
6.14; B2a, 6.74; A2b, 7.22; A2s, 8.00; B,I, 8.32; B,I., 9.70;
Al,b, 11.06; and A,,, 11.78. The UV monitor was set at
246 nm to improve the resolution of a major impurity
which exhibited a UV maximum at a lower wave-
length. Although the UV maximum for avermectins
occurred at 245 nm, sensitivity was only slightly re-
duced at 246 nm, whereas the sensitivity for the im-
purity was reduced substantially. The UV spectrum of
B21 is given in Fig. 1 and is characteristic of all com-
ponents. Recordings of high-pressure liquid chroma-
tography (HPLC) assays of standard and unknown
solutions are given in Fig. 2.

RESULTS
Isolation of avermectin complex. Approx-

imately 8,000 liters of fermentation broth was
filtered, and the cake was washed with water.
The wet cake was then slurried in 3,000 liters of
acetone, filtered, and washed with 400 liters of
80% acetone. The cake was discarded, and the
combined extract and wash were concentrated
to 800 liters. The concentrate was adjusted to
pH 5 with dilute HCl and then extracted twice
with 800-liter portions of methylene chloride.
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400 The methylene chloride concentrate was
passed through a column containing 34 kg of
acid-washed alumina as a bottom layer and 34
kg of Pittsburgh CAL granular carbon as a top
layer, both slurried in methylene chloride. The
column was washed with 34 liters of methylene

300 _ chloride followed by 680 liters of methylene
chloride containing 3% isopropyl alcohol by vol-
ume. The column was eluted at 400 ml/min, and
the first 68 liters of effluent was discarded. The
remainder of the effluent was concentrated un-
der reduced pressure until no further distillate

1% l l appeared. The oily residue weighed 2.3 kg andE,cm 200 contained about 5% Al, 16% A2, 20% B1, and 15%
B2 components.
Separation ofA components from B com-

ponents. A 100-liter partition column was pre-
pared by swelling 30 kg of Sephadex LH-20 in
methanol and pouring the slurry into a column.

I00 The resin was then equilibrated with the parti-
tion solvent mixture hexane-methylene chlo-
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FIG. 1. UV absorption spectrum of avermectin B2.

in methanol.

The extracts were combined and dried by filter-
ing through a pad of dry Super-Cel, followed
with a wash of 40 liters of methylene chloride.
The filtrate was concentrated under reduced
pressure to a small volume, and methanol was
added while the concentration continued until >\
the methylene chloride was removed and a final
volume of 38 liters remained.
The methanol concentrate was added to 95

liters of ethylene glycol, and the mixture was I

then extracted with 130 liters of heptane. The
heptane layer was separated and extracted with
a mixture of 18 liters of ethylene glycol and 6
liters of methanol. The two ethylene 2
glycol-methanol extracts were combined, di-
luted with 150 liters of ethyl ether, and washed ,_I'

with 150 liters of water containing 8% NaCl. o t2 3 4 5 7 8 9 10 11 12 13 14Ve
After separation, the ether layer was washed ElutionVok(ml)
further with three 75-liter portions of water con- FIG. 2. HPLC curves. The lower curve is the UV
taming 2% NaCl. The water washes remove eth- trace resulting from an injection of Sul of a solution
ylene glycol from the extracts, and salt helps to containing 1.00 mg of each of the major components
preventemulsionfonation. The washed etherper ml. The upper curve is from an injection of5 ,1 ofprevent emulsion tormation. Tne washed ether acetone extract of mycelia at a dilution of 1:1.2 of

extract was concentrated under reduced pres- whole broth. Peaks corresponding to the minor com-
sure to a small volume, and methylene chloride ponents are indicated by arrows, each minor compo-
was added while the concentration continued nent eluting slightly before its counterpart in the
until the ether was removed and a final volume series of major components. Column conditions are
of 34 liters remained. given in the text.
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ride-methanol (10:10:1, by volume). The prod-
uct from the previous step was dissolved in the
partition solvent mixture, and samples equiva-
lent to 500 g of crude were applied to the column
and eluted with the same solvent mixture at 400
ml/min. A forerun of 40 liters was collected, and
then 20 fractions of 2 liters each were collected
and analyzed by TLC and HPLC. The elution
peak of the A components occurs at about 0.5
column volume, and that of the B components
occurs at about 0.7 column volume. Appropriate
fractions were pooled based on analyses, and the
solvent was removed by evaporation at a re-
duced pressure. The residue containing A com-
ponents weighed 444 g and contained about 23%
A1 and 64% A2, whereas the residue containing
B components weighed 723 g and contained
about 57% B1 and 43% B2. An elution profile
determined by HPLC assays is given in Fig. 3.
Separation ofAl from Ax. Another 100-liter

partition column was prepared by swelling 30 kg
of Sephadex LH-20 in methanol and pour-
ing the slurry into a column. The resin was then
equilibrated with the partition solvent mixture
hexane-toluene-methanol (6:1:1). A 400-g por-
tion of the residue containing A components
from the previous step was dissolved in the
above solvents in the proportions 3:1:1, applied
to the column, and eluted with a 6:1:1 proportion
at 400 ml/min. Fractions were collected and
analyzed as before. The eluate peak ofAl occurs
at about 0.6 column volume, and that of A2
occurs at about 1.6 column volumes. Products
were recovered as before to yield 40 g of Al, 96%
pure, and 160 g of A2, 97% pure. Intermediate
fractions containing mixed components were re-
covered for repeating the separation.
Separation of B1 from B2 by cryt lliza-

tion. Component B, crystallizes readily from
many organic solvents; however, the yield of B1
and the degree of separation from B2 vary with
the solvent. Crystallization from ethylene glycol
afforded both high yield and good separation. A
619-g portion of the mixed B components was
dissolved in 2 liters of methylene chloride to
insure complete dissolution of the product. The
methylene chloride was distilled off while 13.6
liters of methanol was added continuously to
produce a hot methanol solution of B compo-
nents. The methanol was then distilled offunder
reduced pressure while 13.6 liters of ethylene
glycol was added continuously until most of the
methanol was removed. The resulting slurry was
cooled and filtered to separate crystals rich in
B1 from mother liquors rich in B2. The crystals
were recovered and recrystallized twice in a sim-
ilar fashion to yield 217 g of B,, 97% pure. The
ethylene glycol mother liquors were extracted

with toluene to recover B2 from the nonvolatile
solvent.
Separation of B1 from B2 by chromatog-

raphy. A slightly different partition system was
developed for the separation of B1 from B2. The
method is identical to that used for the separa-
tion of A, from A2 except that the proportions of
hexane-toluene-methanol were 3:1:1. In this
system the eluate peak of B1 occurs at about 0.9
column volume, and that of B2 occurs at about
1.05 column volumes. The B2 fraction recovered
from crystallization mother liquors, 336 g, was
dissolved in the solvent mixture above, applied
to a 100-liter column, and developed with the
same solvent mixture. Fractions were selected
based on HPLC and TLC analyses, pooled, con-
centrated to an oil under reduced pressure, and
crystallized from benzene to yield 106 g of B2,
99% pure. This partition system was also used
to separate B1-B2 mixtures before crystallization.
An elution profile is given in Fig. 4.
Separation of Bia from Blb by chromatog-

raphy. The HPLC analyses of fractions in the
B1 peaks eluted from the Sephadex LH-20 col-
umns with solvent systems containing
hexane-toluene-methanol indicated a partial
separation of B1a and Blb. An 8.5-liter column of
Sephadex LH-20 was prepared in these solvents
in the proportion 3:1:1, and 7.4 g of B1 contain-

25lll

- I__ v
20 -

An

10 -

5-

%C4 Os 0.6 0.7 0.6
Cokan Vu_me of Efflun

FIG. 3. Sephadex LH-20 chromatography for the
separation of A components from B comnponents.
The solvent system i hexane-methylene chloride-
methanol (10:10:1).
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FIG. 4. Sephadex LH-20 chromatography for the
separation of Bi from B2. The solvent system is hex-
ane-toluene-methanol (3:1:1).
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ing 92% B15 and 8% Blb was charged and devel-
oped with the same solvent. Appropriate frac-
tions were pooled based on HPLC analyses,
concentrated, and rechromatographed. Appro-
priate fractions from the second run were pooled,
concentrated, and crystallized from ethanol to
yield Bia, 99.5% pure. The elution peaks of Bia
and Blb for this column were found to occur at
0.83 and 0.86 column volume respectively. An
elution profile is given in Fig. 5.
The yield of pure Bla from this step depends

on the composition of the initial sample, the
efficiency of the column, and the selection of
fractions. Separation of major and minor com-
ponents of the other three mixtures was

Refroctometer Trace
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FIG. 5. Sephadex LH-20 chromatography for the
separation of B,, from Blb. The solvent system is
hexane-toluene-methanol (3:1:1).

achieved by this system or the variation contain-
ing the solvent in the proportion 6:1:1.

DISCUSSION
This report describes a practical scheme for

the isolation of all of the components of the
avermectin complex. The initial separation
methods were guided by mouse assays until a
correlation was established between the UV ab-
sorption spectrum and anthelmintic activity.
After a potent concentrate was prepared, TLC
revealed the presence of four active components.
A TLC assay system was used for an interim
period (1), and small amounts of separate com-
ponents were isolated by preparative TLC. The
HPLC assay was then developed to resolve all
eight components and to quantitate each, and
most of the separations described above were
monitored by this method.

Preparative HPLC was used to separate ad-
ditional quantities of mixed components; how-
ever, the poor solubility of avermectins in the
developing solvent, 85% methanol, limits this
method. The solvent mixtures developed for
Sephadex LH-20 chromatography provide high
capacity as well as good resolution of compo-
nents. The HPLC assay was used as the major
criterion of quality, and all of the major com-
ponents were obtained at least 99% pure for
biological evaluation (2).
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